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High Voltage Direct Current Technology has been a most attractive and beneficial 
transmission technology not only when power has to be transmitted over long distances but 
for Grid Interconnection & Synchronization. The healthy condition of HVDC system not only 
secure uninterrupted supply of electricity but manages challenges of electrical power 
network. faults on power system transmission lines are supposed to be first detected and then 
be classified correctly and should be cleared in least  possible time for that fulfillment ANN is 
used and utilized by their different training algorithm. This paper present a comparative 
study on a fault finding in HVDC transmission system using Artificial Neural Network (ANN) 
with three different learning algorithms. ANN is used because it is a nonlinear data driven, 
adaptive and very powerful tool for forecasting purposes. The various approaches available 
for fault analysis of HVDC system ANN is one of them with accuracy and easiness as key 
parameters. The performance of the proposed method is investigated using 
MATLAB/Simulink environment. This paper present a comparative study of a fault finding 
techniques in HVDC transmission system using Artificial Neural Network (ANN) with three 
different learning algorithm. ANN is used because it is a non linear data driven, adaptive and 
very powerful tool for forecasting purposes. Here an attempt is made to finding the fault 
using ANN with Levenberg-Marquard (LM) training algorithm, Scaled Conjugte Gradient 
(SCG) and Bayesian Regularization (BR) training algorithm and their results are compared 
besed on their of Mean Square Error (MSE) and regressive curve. Here are the 4000 samples 
per fault based on different value of current and voltages at ac and dc side which are the 
input data, feed in ANN with target i.e. at normal condition ac fault value and dc fault value 
is 0 and 0 respectively, at dc side fault value of dc fault is 1 and ac fault is 0 and all for the 
rest of the two conditions and then results comparison occur individually based on MSE at 
some number of hidden layers then after there will be comparison of all three training 
algorithm for fault finding at high speed, because there should be fast switching in circuit 
breaker during fault so that it can trip easily and can keep whole system healthy.  
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INTRODUCTION 
An HVDC Transmission system has very 
efficient means of transferring power in 
bulk over long distances due to rapid 
technical advancement in power 
electronics [1]. ANN is a mathematical 
model inspired by biological neural 
network. It is a powerful in pattern 
recognition and classification [2-4]. They 
possess excellent features such as 
generalization capability, robustness, noise 
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techniques have been used in power 
system protection & encouraging results 
are also obtained [5-7]. This paper aims to 
investigate pattern of the over current due 
to different cases, for instance, load 
change & fault. The fault taking place on 
HVDC transmission lines may cause 
instability of power system & therefore a 
large economic loss occurs. Artificial 
Neural Network gives the best results in 
fault detection and classification [8,9]. 
 
NEED FOR THE STUDY 
Basic need is to determine best ANN 
training algorithm for fault finding and 
detecting in HVDC transmission system. 
To propose an HVDC transmission line 
fault localization algorithm based on ANN 
with comparison of all types of fault 
detecting methods. Finding or detecting 
the faults through different ANN methods 
i.e. LM, SCG, and BR algorithmic 
methods. 
 
OBJECTIVES OF THE STUDY 
Two questions were identified to guide the 
study: 
 The objective of this paper is to 
propose an HVDC transmission line 
fault localization algorithm based on 
neural network with comparison of all 
types of fault detecting methods.  
 To identify an ANN based approach & 
an accurate fault classifier and locator 
algorithm which is to be analyzed.  
 
METHODOLOGY 
The identification and classification of 
faults is important for safe and optimal 
operation in HVDC transmission of power 
systems [10]. The faults on electrical 
power system transmission lines are 
supposed to be first detected by relay & 
circuit breaker and then be classified 
correctly and should be cleared in least fast 
as possible time. This protection system 
used for a transmission line can also be 
used to initiate the other relays to protect 
the power system from outages [11]. A 
good fault detection system provides an 
effective, reliable, fast and secure way for 
a relaying operation. ANN is a very 
powerful tool in identifying the faulty 
pattern and classification of fault by 
pattern recognition [12]. 
 
Artificial Neural Network  
Artificial Neural Network is basically an 
information-processing system [13-16]. 
The information is processed by neurons 
in this information processing system. 
Connection links are used to transmit 
signals [17]. The links possess an 
associated weight, which is multiplied 
along with the incoming signal for any 
type of complicated neural network [18]. 
By applying activations to the net input, 
the output signal is obtained [19-22].  
An artificial neuron is characterized by: 
1. Architecture (connection between 
neurons) 
2. Training and learning (determining 
weights on the connections) 
3. Activation function  
 
Training Algorithm of Artificial Neural 
Network 
ANN poses great ability to train itself 
based on the data provided to it for initial 
training. It has the tendency of self-
organization during learning period and it 
can perform during real time operation 
[23].  
 
Number of hidden layer neurons which 
will get the best result is difficult to find 
since there is no particular method to 
calculate that [24]. Hence we will vary the 
number of hidden layers neuron till we get 
required satisfactory result [25]. To 
calculate best results there are three 
training algorithms described below these 
are LM, SCG, and BR. All the training 
algorithms follow same flow chart given 
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Start
Initialize the weight and bases with random inputs
Initialize the Epoch=1
Calculate the output for all the inputs samples









Figure1: Flow chart for Training Algorithms 
 
The proposed algorithms use the Mean 
Square Error (MSE) technique for 
calculating the error in each iterations for 
the best results at different number of 
hidden layers [27].  
    
 
 
∑        
  
 
      (1) 
               
Where, 
N is number of iterations 
Ei is Actual output 
Eo is out of the model 
Basically for calculate the best result so 
many iterations are required at different 
number of hidden layers [28]. Among that 
if MSE is least at any epoch then the result 
will get stop and if not then it will 
feedback the result and set to the different 
hidden number so that the best result can 
come according to requirement for fault 
detection of HVDC at less time [29]. 
  
There are basically three types of training 
algorithm classified according to their 
properties of performance.  
Levenberg-Marquardt (LM) Algorithm 
This method is found in MATLAB where 
the command used for training network 
using LM back-propagation algorithm is 
“trainlm” [30]. This algorithm typically 
requires more memory but less time. 
Training automatically stops when 
generalization stops improving, as 
indicated by an increase in the mean 
square error (MSE) of the validation 
samples. Reducing error function is the 
main reason for using this algorithm [31].  
 
Scaled Conjugate Gradient (SCG) 
Algorithm 
This method is found in MATLAB where 
the command used for training network 
using SCG back-propagation algorithm is 
“trainscg”. This algorithm requires less 
memory. Training automatically stops 
when generalization stops improving, as 
indicated by an increase in the mean 
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Bayesian Regularization (BR) Algorithm 
This method is found in MATLAB where 
the command used for training network 
using BR back-propagation algorithm is 
“trainbr” [33-35]. This algorithm typically 
requires more time, but can results in good 
generalization for difficult, small or noisy 
data sets [36]. Training stops according to 
adaptive weight minimization 
(regularization) [37-39].  
 
RESULTS AND DISCUSSION 
This work has been doing for the “A 
Comparative Study on Condition 
Monitoring of HVDC Transmission 
System using Different Artificial Neural 
Network Techniques” which will be 
carried out in following three spans: 
 Finding the faults in the HVDC 
transmission line i.e. AC and DC fault 
by using      HVDC MATLAB 
Simulink model. 
 Finding or detecting the faults through 
different ANN methods i.e. LM, SCG, 
and BR algorithmic methods. 
 Comparing the result or the regression 
curves come from all the methods 
mentioned above.  
 
Results from Levenberg-Marquardt 
(LM) Training Algorithm 
This method is found in MATLAB where 
the command used for training network 
using LM back-propagation algorithm is 
“trainlm”.  
 
This algorithm typically requires more 
memory but less time. Training 
automatically stops when generalization 
stops improving, as indicated by an 
increase in the mean square error (MSE) of 
the validation samples. 
 
Training performance of neural network 
for 16 hidden layers as shown in figure 2 
which shows training, validation, testing 
and best on epoch basis. It is clear that best 
validation performance is .016853 at 
epoch 188 as shown below in figure 2.
 
 
Figure 2: Computed MSE value using the proposed LM training neural network 
 
Regression curve of fitting tool for 16 
hidden layers is shown in figure 3 which 
shows training, validation, test and 
combined curve. This figure 3 shows the 
regression plot for the all inputs samples, 
which is the plot of actual network output 
Vs target value. If the neural network 
learning is proper, actual network output 
Vs target value follows the linear fit curve, 
otherwise continue the training of neural 
network, or use more hidden neurons in 
the network. For a perfect fit, the data 
should fall along a 45 degree line, where 
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Figure 3: Regression curve during training, testing & validation for proposed LM training 
algorithm 
 
Results from Scaled Conjugate 
Gradient (SCG) Training Algorithm 
This method is found in MATLAB where 
the command used for training network 
using SCG back-propagation algorithm is 
“trainscg”. This algorithm requires less 
memory. Training automatically stops 
when generalization stops improving, as 
indicated by an increase in the mean 
square error of the validation samples.  
 
Training performance of neural network 
for 20 hidden layers as shown in figure 4 
which shows training, validation, testing 
and best on epoch basis. It is clear that best 
validation performance is 0.026731 at 
epoch 575 as shown below in figure 4.
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Regression curve of fitting tool for 20 
hidden layers is shown in figure 5 which 
shows training, validation, test and 
combined curve. As already discussed 
about regression curve the figure 5 is 
shown below. Among all different number 
of hidden layers, at 20 hidden layers the 
MSE is minimum. 
  
 
Figure 5: Regression curve during training, testing & validation for proposed SCG training 
algorithm 
 
Results from Bayesian Regularization 
(BR) Training Algorithm- 
Training performance of neural network 
for 16 hidden layers as shown in figure 6 
which shows training, validation, testing 
and best on epoch basis. 
It is clear that best validation performance 
is .012785 at epoch 1000 as shown below 
in figure 6. Among all the different hidden 
layers, 16 hidden layers are suitable for 
this desired result. 
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Regression curve of fitting tool for 16 
hidden layers is shown in figure 7 which 
shows training, validation, test and 
combined curve. As already discussed 
about regression curve the figure 7 is 
shown below. Among all different number 
of hidden layers, at 16 hidden layers the 
MSE is minimum. 
 
 




Based on the outcome of the study, an 
attempt is made to fault finding using three 
ANN models by utilizing input parameters 
of rectifier and inverter to train ANN 
model. The conclusion might be the ANN 
and similar techniques are capable to 
detect analysis and classify the different 
faults in HVDC systems and accessories. 
The simulation results proved that the 
satisfactory performance has been 
achieved by all of the proposed neural 
networks and hence practically 
implementable. Results of various artificial 
intelligence Techniques for fault analysis 
of HVDC transmission has been presented. 
The various approaches available for fault 
analysis of this system ANN is one of 
them.  Among them best result will be 
occur after implement these fault analysis 
by using MATLAB/ Simulink. 
 
LM training is faster compared with other 
two techniques somehow less accurate. BR 
takes longer time or slow in nature but it is 
better for special and challenging 
problems. SCG training algorithm uses 
very less memory comparing with other 
two techniques and suitable for the 
problems where larger data is to be used or 
situation of low memory. 
 
Out of the three techniques LM has least 
epochs or less number of iterations, which 
is actually required for fault detection and 
operation of circuit breaker.  Less the 
iterations, fast circuit breaker can stops 
whole signal from faulty currents. 
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